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Abstract 
A hybrid treatment system combining enforced diatomite process followed by biological aerated filters (BAF) was 
developed for treatment of municipal wastewater. Most pollutants, especially phosphorus, were removed in the 
enforced diatomite process and BAFs took a role of polishing process. New ceramic filter media and ceramisite 
agitator were used in two BAFs for comparison. The results showed that when the average influent CODcr was 
347mg/L, NH4+-N 49mg/L and TP 6.1mg/L, the removal efficiency was 92.6%, 99.8%, and 96.4% respectively at the 
operating conditions of precise diatomite dosage of 75mg/L, the sludge reflux ratio 100%, the HRT of 30min in 
diatomite enhanced primary treatment process and the HRT of 1.5h in BAF. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Precise diatomite is made from original diatomite by separating the impurity and intergrowth. It is 
mainly made up by nonconductive noncrystal silicon dioxide, and it has enormous surface area which is 
50-60m2/g and unbalanced negative potential for the shell of diatom and superconductive nanometer 
micropore(Yu and Bao,2003;Wang et al.,2002). Precise diatomite with modifying agent can be directly 
used in wastewater treatment process. In this experimentation, precise diatomite, which is a nonmetal 
mineral substance with unique physical and chemical property, is used in diatomite enhanced primary 
treatment process with the downstream biological aerated filter process. 
Biological aerated filters (BAFs) are attractive and have many merits such as small cubage, high 
efficiency, high quality of effluent, and simple flow process without secondary sedimentation tank. 
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Biological aerated filters can remove SS, COD, BOD, AOX, nitrogen, phosphorus, etc. from the 
wastewater. The mechanisms of BAF mainly include filtration, adsorption and biological metabolism. 
Traditional filter medias have many disadvantages such as big specific gravity, weak mechanical 
robustness, and inconvenient backwashing(Ryu et al.,2008; Farabegoli et al.,2009; Chang et al.,2009;Pujol 
et al.,1998; Moore et al.,2001; Clark et al.,1997; Mann and Stephenson,1997; Peladan et al.,1996; Gilmore 
et al.,1999; Kent et al.,1996). A hybrid treatment system combining enforced diatomite process followed 
by biological aerated filters (BAF) was developed for treatment of municipal wastewater. In particular, a 
new-type of filter media, new ceramic filter media, was applied in BAF. 
2.Materials and Methods 
 2.1.Wastewater Quality 
The influent water for diatomite enhanced primary treatment was the effluents from the aeration sandy 
tank of Tuandao Wastewater Treatment Plant in Qingdao. Tableĉ presents the influent water quality. 
TABLE I. INFLUENT WATER QUALITY / MG·L-1
CODcr BOD5 SS NH4+-N PO43--P TP 
205-452 119-220 128-240 31-56 2.7-5.2 4.4-7.6 
2.2.Process Flowchart and Test Facility 
The phototype (Figure 1) is the diatomite enhanced primary treatment process. The working volume of 
inflow tank is 1m3. The working volume of reaction tank is 25.1L and the depth of water is 0.32m. The 
working volume of vertical flow sedimentation tank is 68.2L and the depth of water is 1.2m and the radius 
is 0.15m. 
Two BAFs were used in the experiment. Both of them have the same height of 2.8m and inner diameter 
of 0.15m. The bottom of BAFs is mixing chamber of inflow and air and the height of media is 1.5m. The 
phototype (Figure 2) is the BAFs process. New ceramic filter media was loaded in one BAF and ceramisite 
agitator in the other. The ceramisite agitator is made up of clay mainly, but the new ceramic filter media is 
mainly made up of alumina and silicon oxide and has many merits, such as high mechanical robustness, 
coarse surface, small specific density and taking a quantity of positive charge. Main performance 
parameters of the two medias are presented in table Ċ.
TABLE II. MAIN PERFORMANCE PARAMETERS OF CERAMISITE AGITATOR AND NEW CERAMIC FILTER MEDIA
Parameter 
Media 
Diameter
/mm 
Stacking density 
/g ·(cm3)-1
Density 
/g ·(cm3)-1
Ceramisite agitator 4̚6 0.89 1.56 
New ceramic filter media 4̚6 0.05 1.12 
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Figure 2. Biological aerated filters process 
2.3.Test Parameters and Operational Conditions 
Test parameters and operational conditions of diatomite enhanced primary treatment and BAFs are 
summarized in table ċ and tableČ.
TABLE III. TEST PARAMETERS AND OPERATIONAL CONDITIONS OF DIATOMITE ENHANCED PRIMARY TREATMENT
       Stage 
Parameter Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Stage 7 
T /ć 18-24 18-24 18-24 23-25 23-25 25-27 25-27 
Flow rate /L ·h-1 50 50 50 50 50 75 38 
Sludge reflux ratio /% 150 150 150 100 50 100 100
HRT of reaction tank 
/min 
30 30 30 30 30 20 40 
HRT of sedimentation 
tank /min 
80 80 80 80 80 55 110
Dosage /mg·L-1 100 75 50 75 75 75 75 
inflow tank 
effluent 
flow control pump reaction tank sedimentation tank 
dosing 
reflux sludge excess sludge 
Figure 1. Diatomite enhanced primary treatment process 
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3.Results and Discussion 
3.1.Influence of Precise Diatomite Dosage 
The results of the three stages with different precise diatomite dosage are presented in table č. Precise 
diatomite dosage of stage 1, stage 2 and stage 3 was 100mg/L, 75mg/L and 50mg/L respectively. HRT of 
reaction tank and sedimentation tank was 30min and 80min respectively and the sludge reflux ratio was 
150% in the three stages. Removal efficiency of CODcr and TP was 65.9% and 88.7% respectively in stage 
1. The removal efficiency was high, but it required high cost of precise diatomite and produced large 
excess sludge. When precise diatomite dosage was decreased to 75mg/L, removal efficiency of CODcr and 
TP was decreased to 60.1% and 86.7% respectively and cost of precise diatomite reduce 25%. It can be 
concluded that the removal efficiency was impacted slightly when precise diatomite dosage was decreased 
from 100mg/L to 75mg/L. Removal efficiency of CODcr and TP was 49.6% and 80.3% respectively in 
stage 3. When precise diatomite dosage was decreased to 50mg/L, interface of water and sludge became 
obscure and removal efficiency dropped notably. In stage 3, TP of the effluent exceed 1mg/L and excess 
sludge concentration was 7.2g/L that was 2. 7g/L lower than that in stage 2. So 75 mg/L was the perfect 
precise diatomite dosage. 
TABLE IV. TEST PARAMETERS AND OPERATIONAL CONDITIONS OF BAFS
              Stage 
Parameter 
Stage A1
Stage B1
Stage A2
Stage B2
Stage A3
Stage B3
T /ć 18-25 18-25 18-25 
Flow rate /L·h -1 13.3 17.7 26.5 
HRT /h 2 1.5 1 
Applied loadĉ/kgCOD·(m3·d) -1 1.18 1.76 2.03 
Applied loadĊ/kgCOD·(m3·d) -1 1.18 1.76 2.03 
Filtering velocity /m·h-1 0.75 1 1.5 
Backewash periodicity /d 2 2 2 
DO /mg·L-1 3 3 3 
3.2.Influence of Sludge Reflux Ratio 
The results of the three stages with different sludge reflux ratio are presented in table Ď.
Sludge reflux ratio of stage 2, stage 4 and stage 5 was 150%, 100% and 50% respectively. HRT of 
reaction tank and sedimentation tank was maintained at 30min and 80min respectively and the precise 
diatomite dosage was 75mg/L in the three stages. When sludge reflux ratio decreased from 150% to 100%, 
removal efficiency of CODcr increased from 60.1% to 65.4% and removal efficiency of TP was increased 
from 86.7% to 91.8%. When sludge reflux ratio was decreased from 100% to 50%, Removal efficiency of 
CODcr was decreased from 65.4% to 58.7% and Removal efficiency of TP decreased from 91.8% to 88.5%. 
Stage 5 was the best stage and the perfect sludge reflux ratio was 100%. It can be concluded that the 
optimum sludge reflux ratio can accelerate contact reaction of precise diatomite and wastewater and make 
full use of flocculation and adsorption capability of precise diatomite. 
TABLE V. INFLUENCE OF PRECISE DIATOMITE DOSAGE.
           Parameter 
Stage 
CODcr BOD5 NH4+- PO43-- TP SS NO3
--
N
NO2--
N
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N P 
Stage 1 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
350.2
119.5
65.9
169.4
79.2
53.2
48.4
40.2
16.9
4.0
0.4
90.0
6.2
0.7
88.7
177.2
74.5
56.0
0.02
0.02
0.12
0.10
Stage 2 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
341.2
134.5
60.1
172.3
86.9
49.6
49.1
42.5
13.4
3.9
0.5
87.2
6.0
0.8
86.7
178.5
79.9
55.2
0.01
0.01
0.13
0.14
Stage 3 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
350.3
176.4
49.6
174.1
98.8
42.2
47.9
44.1
7.9
4.0
0.7
82.5
6.1
1.2
80.3
175.6
94.6
46.1
0.02
0.01
0.14
0.13
Interface of precise diatomite and wastewater increased 15cm in sedimentation tank during testing 
when sludge reflux ratio was increased from 100% to 150%. Sludge concentration was decreased from 
10.9g/L to 9.8g/L at the same time. It is obvious that an oversize sludge reflux ratio will shorten the real 
HRT of reaction tank and has a load impact on sedimentation tank. When sludge reflux ratio was 100%, 
stacking density of precise diatomite increased from 0.35 g/cm3 to 0.71 g/cm3 during the reaction, the 
sludge filter layer in sedimentation tank was compact, and the interface of precise diatomite and 
wastewater was distinct and stable and BOD5/CODcr was increased from 49% to 66% after treating. 
TABLE VI. INFLUENCE OF SLUDGE REFLUX RATIO
           Parameter 
Stage 
CODcr BOD5
NH4+-
N
PO43--
P
TP SS NO3
--
N
NO2--
N
Stage 
2
Influent/mg·L-1
Effluent/mg·L-
1
Removal 
efficiency / % 
341.2
134.5
60.1
172.3
86.9
49.6
49.1
42.5
13.4
3.9
0.5
87.2
6.0
0.8
86.7
178.5
79.9
55.2
0.01
0.01
0.13
0.14
Stage 
4
Influent/mg·L-1
Effluent/mg·L-
1
Removal 
efficiency / % 
347.3
120.1
65.4
170.2
79.8
53.1
48.6
40.9
15.8
3.9
0.4
89.7
6.1
0.6
91.8
170.9
70.1
59.0
0.02
0.01
0.15
0.14
Stage 
5
Influent/mg·L-1
Effluent/mg·L-
1
Removal 
efficiency / % 
345.5
142.6
58.7
177.4
87.9
50.5
47.4
41.8
11.8
4.0
0.5
87.5
6.1
0.7
88.5
178.5
75.9
57.5
0.02
0.01
0.15
0.14
3.3. Influence of HRT in Reaction Tank 
The results of the three stages with different HRT are presented in table ď.
The HRTs of reaction tank in stage 4, stage 6 and stage 7 were 30min, 20min and 40min respectively. 
Sludge reflux ratio was 100% and the precise diatomite dosage was 75mg/L in the three stages. When 
HRT of reaction tank was decreased from 30min to 20min, the removal efficiency of CODcr was 
decreased from 65.4% to 49.4% and removal efficiency of TP was decreased from 91.8% to 82.0%. 
When HRT of reaction tank was increased from 30min to 40min, removal efficiency of CODcr was 
increased from 65.4% to 69.6% and removal efficiency of TP was increased from 91.8% to 93.2%. 
TABLE VII. INFLUENCE OF HRT IN REACTION TANK
           Parameter 
Stage 
CODcr BOD5
NH4+-
N
PO43--
P
TP SS NO3
--
N
NO2--
N
Stage 
4
Influent/mg·L-1
Effluent/mg·L-1
Removal 
347.3
120.1
65.4
170.2
79.8
53.1
48.6
40.9
15.8
3.9
0.4
89.7
6.1
0.6
91.8
170.9
70.1
59.0
0.02
0.01
0.15
0.14
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efficiency / % 
Stage 
6
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
354.9
179.6
49.4
168.9
95.3
43.6
49.6
44.9
9.5
4.1
0.8
80.5
6.1
1.1
82.0
172.6
98.1
43.2
0.01
0.02
0.09
0.11
Stage 
7
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
342.5
104.1
69.6
171.1
67.5
60.5
46.8
38.1
18.6
3.8
0.3
92.1
5.9
0.4
93.2
168.9
56.7
66.4
0.02
0.01
0.13
0.10
When the HRT of reaction tank was 20min, contact reaction time of precise diatomite and wastewater 
was short and flocculation and adsorption potentialities of precise diatomite could not be fully reached. 
Sludge filter layer in sedimentation tank made a great impact and interface of precise diatomite and 
wastewater was obscure at the same time. The best result was obtained when the HRT of reaction tank was 
40min, but the volume of reaction tank must increase 1/3 and removal efficiency of all parameters was 
increased little (CODcr 4.2% only) in the same inflow when the HRT of reaction tank was increased from 
30min to 40min. So 30min was the optimal HRT of reaction tank. 
3.4.Influence of HRT in BAFs 
Experimental results of two BAFs with different HRTs and different media are presented in Table Đ.
The backwash frequency was 2d and DO was 3mg/L in all stages. When HRT of BAFs was 2h, 
removal efficiency of CODcr and NH4+-N was 81.4% and 100% respectively of BAF with new ceramic 
filter media and that was 81.6% and 100% respectively of BAF with ceramisite agitator. When HRT of 
BAFs was 1h, removal efficiency of CODcr and NH4+-N was 70.6% and 74.6% respectively of BAF with 
new ceramic filter media and that was 70.8% and 73.8% respectively of BAF with ceramisite agitator. It 
can be concluded that the effectiveness of removing pollutant in two BAFs with two different medias is 
similar under the same experimental conditions. 
When HRT of BAFs was 2h, the average effluent CODcr, NH4+-N and TP was 22mg/L, 0mg/L and 
0.17mg/L respectively and pollutant removal effectiveness was the best, but it require more construction 
expenditure and management cost in the same inflow. Removal efficiency of CODcr and NH4+-N was 81% 
and almost 100% respectively when HRT of BAFs was 1.5h and the pollutant removal effectiveness was 
similar to that of HRT=2h. When HRT of BAFs was decreased to 1.5h, pollutant removal effectiveness fell 
down greatly. So 1.5h was the optimal HRT of BAFs. 
TABLE VIII. EXPERIMENTAL RESULTS OF TWO BAFS WITH DIFFERENT HRT AND DIFFERENT MEDIA
           Parameter 
Stage 
CODcr BOD5 NH4+-N PO43--P TP SS NO3--NNO2--N 
Stage 
A1 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
120.5
22.4
81.4
70.2
5.4
92.3
40.3
0
100
0.40
0.15
62.5
0.73
0.17
76.7
85.6
7.2
91.6
0.11
30.0
0.20 
0.45 
Stage 
A2 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
135.6
25.6
81.2
78.6
6.2
92.1
42.1
0.1 
99.8
0.51
0.20
60.8
0.69
0.22
68.1
81.9
7.9
90.3
0.11
29.8
0.21 
0.41 
Stage 
A3 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
119.6
35.2
70.6
74.5
10.3
86.2
41.3
10.5
74.6
0.44
0.29
34.1
0.72
0.31
56.9
85.2
14.1
83.4
0.12
20.4
0.20 
0.58 
Stage 
B1 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
120.5
22.2
81.6
70.2
5.3
92.5
40.3
0
100
0.40
0.13
67.5
0.73
0.16
78.1
85.6
7.4
91.4
0.11
30.2
0.20 
0.40 
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Stage 
B2 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
135.6
26.1
80.8
78.6
6.1
92.2
41.1
0.2 
99.5
0.51
0.19
62.7
0.69
0.23
66.7
81.9
7.9
90.4
0.11
29.6
0.21 
0.45 
Stage 
B3 
Influent/mg·L-1
Effluent/mg·L-1
Removal 
efficiency / % 
119.6
34.9
70.8
74.5
11.2
85.0
41.3
10.8
73.8
0.44
0.30
31.8
0.72
0.31
56.9
85.2
13.9
83.7
0.12
20.6
0.20 
0.52 
5.Conclusions 
When the average influent CODcr was 347mg/L, NH4+-N 49mg/L and TP 6.1mg/L, the removal 
efficiency of diatomite enhanced primary treatment process was 65.4%, 15.8%, and 91.8% respectively at 
the optimal conditions of precise diatomite dosage 75mg/L, the sludge reflux ratio 100% and the HRT of 
reaction tank 30min. Most pollutants especially phosphorus were removed and biochemical characteristic 
of wastewater was improved in diatomite enhanced primary treatment process.     
The optimal HRT of BAF with ceramisite agitator and BAF with new ceramic filter media was both 
1.5h and the two BAFs had similar effectiveness in optimal stage. Removal efficiency of CODcr and NH4+-
N was 81% and almost 100% respectively at the optimal conditions of HRT 1.5h, periodicity of backwash 
2d and DO 3mg/L. Effluent from diatomite enhanced primary treatment process was further treated in 
BAFs which played an important role in purifying water quality.   
Diatomite enhanced primary treatment process and biological aerated filter can be applied either 
combined or separately. The combination of two processes optimized the wastewater treatment system and 
enhanced processing effectiveness. It is feasible to construct diatomite enhanced primary treatment process 
firstly and supplement BAFs in the future in towns where fund is short. 
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